Experimental 1 Materials
Roselle (Hibiscus sabdariffa L.) seeds were supplied by the Medicinal and Aromatic Research Department, Horticulture Research Station, Agriculture Research Center, Alexandria, Egypt. Corn oil was bought at the retail market in Fukuoka city, Japan. Standard fatty acid methyl esters were purchased from Suplico (SigmaAlderich, Japan), and all other chemicals were AR grade.
Methods 1 Crude oil extraction
Roselle seeds were carefully cleaned and crushed in an electrical grinder (National Model MX-915C, Japan) at speed 6 for 2 min to pass through a 35 mm (42 mesh) sieve. Crude oil was extracted with petroleum ether (40-60 ) in a soxhlet apparatus according to AOAC (11) . After extraction, the rest of the solvent was dried under nitrogen gas. The oil obtained was bright amber in color and had a pleasant spicy aroma.
2 2 2 Determination of physical properties Specific gravity (SG) at 20 , melting point (MP) in a micro-melting point apparatus (Yanagimoto, Japan) and refractive index (RI) at 25 with an Abeé refractometer for oils, were determined according to AOAC(11).
2 2 3 Determination of chemical properties Free fatty acid content (as % oleic), iodine value (Wijs), saponification value and percent of unsaponifable components present in the oil were determined according the AOAC methods (11) . The oil was fractionated by the method of Mangold (12) 2 2 4 Fatty acid composition Fatty acid composition of the oil was performed by converting about 5 mg oil containing 200 mg pentadecanoic acid (C 15:0 ) as an internal standard to their fatty acid methyl esters with a mixture of methanol:sulfuric (32:1v/v). The fatty acid methyl esters derived from the oil were analyzed in a Shimadzu GC-14A Gas Chromatograph on a 30-meter (0.32 mm) glass capillary column coated with OMEGA WAX 320 equipped with an FID detector. The chromatographic conditions were: injection port and detector temperatures were 240 and 260 , respectively. The temperature program was 50 to 220 at 5 /min and 30 min (final period) at 220 . An electronic laboratory data system, Shimadzu C-R 5A Chromatopac (chart speed 10 mm/min), was used. The injector volume was 1 ml (fatty acid methyl esters). Identification of fatty acid methyl esters was based on comparison of retention times of unknown peaks to authentic fatty acid methyl esters. The quantity of each fatty acid methyl ester was estimated by comparison with the known amounts of pentadecanoic methyl ester. Fatty acids composition was expressed as the weight percentage (%) of total fatty acid methyl ester.
2 2 5 Determination of sterols Approximately 300 nmol (251 mg) of 5-a-cholestan as an internal standard was added to the n-hexane extract of unsaponifable components. The mixture was esterif ied with TMS reagent (BSTFA+1%TMCS, Supelico, Cat.no., 33149-U). After transestrification, the sterols were analyzed in a GC-4 CNPF Shimadzu Gas Chromatograph on a 3 mm 2 m stainless steel column packed with Gas Chrome Q 60-80 mesh as support coated with 3% Silicon OV-17 equipped with a flame ionization detector (FID) in air and helium at 1.8 and 0.6 kg/cm 2 , respectively. The carrier gas was nitrogen at 1.8 kg/cm 2 . The injection and detection temperature was 300 and the column temperature was 260-270 . Sterol fractions were identified by comparing their relative retention times (RRT) with b-sitosterol as a reference (b-sitosterol RRT=1) (13)
3 Statistical Analysis
Values were the means and standard deviation for three replicates. Statistical analysis was carried out according to Snedercor and Cochran (14) .
Results and Discussion

1 Physical and Chemical Properties
As shown in Table 1 , the specific gravity of corn oil (0.922 0.008 g/cm 3 ) was significantly (P 0.05) lower than that of roselle seed oil (0.956 0.001 g/cm 3 ). The refractory index (RI) of corn oil (1.4720 0.01) was considerably higher than that of roselle seed oil (1.4592 0.00), but no significant (P 0.05) difference was detected between the melting points (MP) 
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of the two types of oils. The low MP of roselle oil made it a previously favorite household food oil (15) . Similar results concerning corn oil were reported previously (16) .
Percentage of free fatty acid in roselle seed oil was 2.10 0.10%, significantly (P 0.05) higher than that of corn oil (0.13 0.01%). This may be due to the nature of roselle seeds, whereas many oil-bearing seeds such as olive, palm and rice bran contain high acidity oils (17) . In contrast, the saponification number (SN) of roselle seed oil (165 5) was significantly lower than that of corn oil (190 1). Consequently, the chain length of fatty acids in roselle seed oil was normally longer than that of those in corn oil. As for the iodine value (IV) and percentage of unsaponifable components (%USM), no significant differences were detected between the two oils. Therefore, roselle seed oil, like corn oil, could be classified as a semi-dry oil type (18) . Itoh et al (13) reported that the SN, IV and %USM of corn oil were 195.9, 105.3 and 1.3%, respectively.
2 Lipid Fractions
The data in Table 2 show that roselle seed oil contains 7 known lipid classes besides one unknown lipid which comprised about 9% of total lipids. According to Mangold (12) , this fraction could be 1,3 diacylglycerol. The percentage value of triacylglycerol fraction in roselle seed oil was 69.2 1.6%. In addition, it contained significantly (P 0.05) higher amounts of free fatty acids (3.5 0.4%) than corn oil (1.4 0.4%), and there were no significant (P 0.05) differences between them in free sterols and sterol esters fractions. The phospholipid fraction represented 1.9%. It was reported that phospholipid content in Malvaceae ranged from 1.2 to 1.9% (19) . The data showed that triacylglycerol was the main lipid fraction of roselle seed oil as it involved considerable amounts of sterols and sterol esters. These results confirm the resultants in Table 1 , since roselle seed oil contained much more free fatty acids and a similar percentage of unsaponifable components than corn oil. Values within row with similar superscript letters are not significantly different P < 0.05 a One of the criteria for the determination of fat quality is the content of essential fatty acids such as linoleic (C 18:2n-6 ) and lionlenic (C 18:3n-3 ). Since humans require some of these fatty acids in the diet to prevent fatty acid deficiency, and diseases such as skin lesions, poor hair growth and low growth rate (20) . The GLC analysis of fatty acid methyl esters derived from roselle seed and corn oils as well as roselle seed oil lipid fractions is shown in Table 3 . The data show that linoleic (C 18:2 ), oleic (C 18:1 ) and palmitic (C 16:0 ) are the major ( 5%) fatty acids in both roselle seed and corn oils. The total percentages of these fatty acids in roselle seed and corn oils were 89.8% and 93.5%, respectively. These results are in agreement with earlier studies (10, 21, 22) . Plant oils rich in both oleic and linoleic have been normally used in human nutrition to replace saturated fat, in order to reduce cardiovascular diseases linked to atherothrombosis (22) . In contrast, myristic (C 14:0 ), myristoleic (C 14:1 ), palmitoleic (C 16:1 ), arachidic (C 20:0 ), and eicosatrienoic (C 20:3n-6 ) were present in roselle seed oil in trace amount ( 1%). Erucic (C 22:1n-9 ), linolenic (C 18:3 ), stearic (C 18:0 ) and docosateterenoic (C 22:4n-6 ) were found in roselle seed oil as a minor fatty acids. The percentage of total polyunsaturated fatty acids in roselle seed oil was about 78.2% which was 3.7 times that of the saturated ones. Therefore, it could be concluded that roselle seed oil is a good source of mono-and polyunsaturated fatty acids which are effective in reducing both LDL and HDL cholesterols in serum (23, 24) . Furthermore, it is clear that none of the low molecular weight fatty acids (less than C13) were present, which enhances the oil stability (16) . The calculated peroxidizability index (25) of crude roselle seed oil was 5645, decreased to 48 in its triacylglycerol fraction, whereas it was 57 in corn oil. As a result, either crude roselle seed oil or its triacylglycerol might be more resistant to oxidation rancidity than corn oil.
It has been postulated that consumption of plant sterols leads to a reduction in the absorption of dietary cholesterol (26) . In addition, they play an important role in protecting against colon, breast and prostate cancer (27) . The most common plant sterols are b-sitosterol, campsterol and stigmasterol (28) . As shown in Table 4 crude roselle seed oil contained 559 mg b-sitosterol per 100 g oil which was higher than that found corn oil (458 mg/100 g). These amounts were higher than those detected in peanut and unrefined olive oils (29) . bsitosterol has an inhibitory effect on colon cancer in both humans and laboratory animals (30) . It was noticed that the amounts of campesterol, stigmasterol and b-sitostanol (107, 50.6 & 39.9 mg/100 g) in roselle seed oil were comparable to those detected in corn oil (115, 45.7 & 42.4 mg/100 g). Although the percentage of campesterol is the lowest among the three main plant sterols, it is more quickly and easily absorbed than sitosterol (31 
Conclusion
The fatty acid compositions of roselle seed and corn oils were analogous to many patterns of conventional edible oils (32) (33) (34) and their chemical and physical characteristics were similar, so that it could be predicted that roselle seed oil may be used as an edible oil. The oil contains large amounts of unsaponifable components and is rich in phytosterols. Further studies on the nutritional value of the oil is necessary.
